Background Infrequent training of lay rescuers in cardiopulmonary resuscitation may lead to stomach inflation during ventilation of the unsecured airway. This is caused by a pressure loss of the lower oesophageal sphincter (LOSP) after onset of cardiac arrest. To minimise the risk of stomach inflation, the SMART BAG® (SB), a disposable flowlimited bag-valve-mask resuscitator, has been designed. Aim The aim of this study was to evaluate the occurrence of stomach inflation by use of SB in comparison to two other ventilation devices with respect to the ventilation capability. Method An Easy Grip® disposable bag-valve-mask resuscitator (EG), an SB and an EG with an interposed T-piece attached to a 0.5 l reservoir bag (EG/R) were compared in a manikin ventilation training setting. Fourteen dentists performed ventilations on a Mini Ventilation Training Analyzer using EG, SB and EG/R with lung compliance (LC) and LOSP being adjusted to 700 ml/kPa and 1.5 kPa (best case) and 500 ml/kPa and 0.5 kPa (worst case) in a randomised order. Results Sufficient tidal volumes were obtained by use of all the three test devices regardless of LC or LOSP. No statistical differences were detected between the use of SB and EG/R. Using EG led to statistically larger volumes. Stomach inflation could only be avoided using SB and EG/R at a high LOSP regardless of LC. Conclusion Even in the worst case scenario, use of SB and EG/R administered sufficient tidal volumes with a significantly smaller stomach inflation compared to EG. Combination of standard bag-valve devices with a reservoir bag may provide similar protection from gastric inflation as the SMART BAG®.
Introduction
The distribution of ventilation volume in an unprotected airway depends on the lower oesophageal sphincter pressure (LOSP), the airway resistance and the lung compliance (LC) [1] . After a cardiopulmonary arrest, a decrease of LOSP from 20 mbar (2 kPa) to as low as 5 mbar (0.5 kPa) has been observed [2] [3] [4] . Due to this decrease, there is a higher chance of air entering the stomach during cardiopulmonary resuscitation (CPR) ventilation, which results in gastric inflation. Increasing intragastric pressure may impair LC and lung ventilation [5] [6] [7] resulting in more severe complications such as aspiration of gastric content, pneumonia or even death [8, 9] .
Sudden cardiac arrest is a leading cause of death in Europe affecting about 350,000-700,000 individuals a year, depending on the way it is defined [10] [11] [12] . There are only a few studies concerning cardiac arrest or death in dental offices. It has been suggested that rehearsal and regular training sessions play a major part in the ability of all concerned to cope with such an incidence in a dental office [13] .
Ventilation performance and gastric inflation occurrence in a manikin ventilation training setting was examined using three devices: an Easy Grip® disposable bag-valve-mask resuscitator, a SMART BAG® and an Easy Grip® with an interposed T-piece attached to a Ruesch 0.5 l anaesthesia reservoir bag [14] . The first hypothesis to test was that no differences in tidal volumes would result using all the three devices. The second hypothesis was that ventilation performance by use of an Easy Grip® disposable bag-valve-mask resuscitator attached to a reservoir bag would be equal as with the SMART BAG®. A similar amount of stomach inflation and a sufficient tidal volume were expected even in a worst case scenario, with a low LC of 500 ml/kPa and a low minimum LOSP of 0.5 kPa.
Materials and methods
Fourteen subjects (first-year resident dentists trained in cardiopulmonary resuscitation) volunteered to participate. All of the participants had been educated in CPR within the last year but not less than 6 months prior to the test, and none of them had been involved in a real CPR situation before. After approval of the local ethics committee, written informed consent was obtained by each participant.
Test devices
Three different test devices were used and compared in a randomised crossover design. An Easy Grip® (O-Two Medical Technologies Inc., Mississauga, Ontario, Canada) disposable bag-valve-mask resuscitator ( Fig. 1 ) served as a standard device (Easy Grip®, EG). The second device tested was a SMART BAG® (O-Two Medical Technologies Inc.) disposable bag-valve-mask resuscitator (SMART BAG®, SB) (Figs. 2 and 3 ). The third device tested was an Easy Grip® disposable bagvalve-device attached to a Ruesch 0.5 l anaesthesia reservoir bag (EG/R; Willy RUESCH GmbH, Kernen I.R., Germany) by an interposed T-piece (code 1986, Intersurgical Ltd.) [14] (Figs. 3 and 4) . The ventilation surveillance system (Mini Ventilation Training Analyzer, O-Two Medical Technologies Inc.) was connected to the artificial test lung and a modified gastric inflation detector. Tidal volume and gastric inflation volume could be measured by volumeters connected to the test lung and the stomach simulator. LOSP was simulated by a water seal, and the lung compliance was adjusted by wrapping a rubber strap around a well-defined position (Fig. 5 ). Compliance and resistance of the artificial airway and lungs were measured beforehand by use of an Evita XL ICU ventilator (Draeger Luebeck, Germany). The study participants ventilated the test lung by use of the three test devices in a randomised order. No demonstration of the technique was given before the test. Each device was tested four times, adjusting LOSP from 1.5 to 0.5kPa and changing LC from low (50 ml/mbar, 500 ml/kPa) to high (70 ml/mbar, 700 ml/kPa) by wrapping a rubber strap around a well-defined position on the test lung. The airway resistance was 10 mbar/l/s (1 kPa/l/s).
The participants were neither informed about the risk of stomach inflation nor about the necessity of a sufficient gas volume entering the test lung. They were told to perform the ventilation at their own discretion. Lung movements as well as gas bubbles in the artificial stomach system could be observed by the individual rescuer.
Ten ventilations were performed during 12 series. Ventilation parameters were changed randomly after each set of 10 ventilations until each participant had finished all scheduled procedures under the given conditions. Parameters included the three bag-valve devices (EG, SB and EG/R), the two different LOSP values with 0.5 and 1.5 kPa and the two different lung compliances (high and low). Volumeter recordings were videotaped for later analysis.
Statistics
Median values of the distribution of gastric inflation and tidal volumes achieved by each participant in the respective setting were calculated. Each study participant served as his/ her own control. Comparisons of the different data obtained from each participant were made by exact Wilcoxon test statistics for matched pairs. After Bonferroni corrections for multiple comparisons, statistically significant differences between data distributions were considered at p values lower than 0.016.
Results
Sufficient tidal volumes were obtained by use of all the three test devices regardless of lung compliance or lower oesophageal sphincter. A summary of the test results is shown in Tables 1 and 2 .
The lowest tidal volumes were measured by using EG with reservoir. No statistical difference to EG with reservoir extension was detected when the SMART BAG® was used. Higher tidal volumes were achieved with EG without reservoir. An overview of the median tidal volumes is depicted in Fig. 6 .
Stomach inflation could only be avoided by using SB and EG/R at a high LOSP regardless of the lung compliance (medians 0 ml, LC high and low). When EG was tested, stomach inflation could never be avoided (medians 119 ml, LC high and LOSP low; 50 ml, LC high and LOSP high; 137.5 ml, LC low and LOSP low; and 50 ml, LC low and LOSP high).
Discussion
According to the ERC guidelines, tidal volumes between 500 and 600 ml (6-7 ml/kg) are recommended [12] . All three test devices (EG, SB and EG/R) enabled the rescuers to administer tidal volumes in this range. The largest volumes were obtained by use of the standard EG bag, regardless of LC and LOSP (up to a maximum of 1,100 ml at low LC and low LOSP). Comparable volumes were measured by use of SMART BAG® and the reservoir-extended system. Statistically significant differences were found regarding tidal volumes comparing the EG bag and the other two test devices under all four test conditions regardless of the LOSP and LC values. Using SMART BAG® and the reservoir-extended system, stomach inflation occurred under certain conditions. Values reached up to 87.5 ml when using SMART BAG® at a low LC and a low LOSP of 5 mbar (0.5 kPa). Only when LOSP was elevated to 15 mbar (1.5 kPa), stomach inflation could be avoided by using SB and EG/R regardless of LC. Therefore, in this setting, only LOSP determined stomach inflation. By reducing LOSP from 15 to 5 mbar (1.5 to 0.5kPa), stomach inflation occurred with all the test devices regardless of LC.
In the worst case scenario (LC 50 ml/bar, 500 ml/kPa; LOSP 5 mbar, 0.5 kPa), use of reservoir-extended system led to sufficient tidal volumes in more than 28 % of all trials with a significantly smaller stomach inflation compared to EG bag without the reservoir. Use of the SMART BAG® led to sufficient tidal volumes in more than 42 % of all trials with stomach inflation comparable to the EG bag. In all the other scenarios, use of SMART BAG® and the reservoirextended system administered sufficient tidal volumes with a significant smaller stomach inflation compared to EG. SMART BAG® and EG/R may therefore be useful ventilation adjuncts for pretrained dental staff in resuscitation situations.
Nevertheless, at LC 50 ml/mbar (500 ml/kPa) and LOSP 5 mbar (0.5 kPa), stomach inflation could not totally be avoided using either of these two devices. This situation may reflect a real resuscitation scenario in a dental practice as a reduction of LC, and a gradual loss of LOSP down to 5 mbar (0.5 kPa) develops over time during cardiac arrest [2, 4] .
The SMART BAG® may have an advantage compared to the EG with the reservoir extension, due to its flow-limiting property. Tidal volume might thereby be adjusted. Such a warning system is missing in the EG/R. The person using the bag can only visually control, whether and to which extent the reservoir is inflated. However, in the present study, no adjustments by the participants were observed using the SMART BAG®. Because they were not instructed about the meaning of a higher resistance when using the EG 737.5ml EG 712.5ml Fig. 6 Median tidal volumes (overview). Ventilation of the test device in Fig. 5 by Easy Grip® EG, Easy Grip® connected to a reservoir bag via a T-piece EG/R and by a SMART BAG® SB under high and low lung compliance at high and low lower oesophageal sphincter pressure (LOSP) Fig. 7 Representative flow and pressure over time tracing during ventilation of a test lung at a compliance C013 ml/mbar, 130 ml/kPa and a resistance R05 mbar/l/s, 0.5kPa/l/s at a simulated lower oesophageal sphincter pressure LOSP05 mbar, 0.5 kPa by use of a SMART BAG®. To generate the graph, maximum achievable flows and pressures were used. The airway parameters in this figure were markedly reduced compared to the ones used in the study Fig. 8 Representative flow and pressure over time tracing during ventilation of a test lung at a compliance C013 ml/mbar, 130 ml/kPa and a resistance R05 mbar/l/s, 0.5 kPa/l/s at a simulated lower oesophageal sphincter pressure LOSP05 mbar, 0.5 kPa by use of an Easy Grip® ventilation bag extended with a 0.5 l Ruesch reservoir supplemented with a pressure and flow-reducing reservoir bag. To generate the graph, maximum achievable flows and pressures were used. The airway parameters in this figure were markedly reduced compared to the ones used in the study SMART BAG®, they did not adjust their ventilation effort. As well, a learning effect was not observed. De Regge et al. assessed differences in retention of ventilation skills between SMART BAG® and a standard bagvalve-mask (STBVM) device. Immediately after training, many nurses performed with a low tidal volume. An increase in inspiratory time with SB after 3 and 6 months has been observed. At 6 months after training, both the SMART BAG® and standard device group had higher peak pressures which resulted in gastric insufflation in the STBVM group, but not in the SB group. The SMART BAG® seems to be able to compensate for the skill deterioration over time [15] .
It limits the pressure in the airways to a maximum of 19 mbar (1.9 kPa) using a specially designed pressurereducing valve. Therefore, excessive gas flow can be limited and the risk of gastric inflation is reduced. This pressure flow limitation feature of the SMART BAG® creating a plateau-like ventilation pattern (Fig. 7) compared to the peak-like pattern (Fig. 8) created by using the reservoirextended bag under extreme conditions may favour this memory effect in rescuers having been trained with the SMART BAG®. In emergency patients with an unprotected airway, it may be wise to provide the SMART BAG® since it decreases both the ventilation rate as well as the likelihood of stomach inflation [16] .
It has to be emphasised that there may be a benefit of the early use of supraglottic airway devices (e.g. laryngeal mask or laryngeal tube) as an important alternative to mask ventilation which has been recommended within resuscitation guidelines [17] . Trained dental staff may use such a device instead of a mask when facing a resuscitation situation [18] . However, the following should be mentioned:
1. Chest compression must not be stopped during insertion of a supraglottic airway [18] and 2. A normal bag-valve device (or a version of the SMART BAG® which offers an override of the flow limitation) has to be used for ventilation with this type of airway [19] . During chest compression, flow-limiting devices such as the SMART BAG® as well as the option of a reservoir attached to the bag will not deliver the high tidal volumes which can be achieved by use of standard bag-valve ventilation devices [19] .
Methodological limitations
This model cannot reproduce a real patient during a respiratory arrest. The test devices were directly connected to the ventilation surveillance system and the artificial test lung which would correspond to a leak-proof mask. Lay rescuers often deal with a leaking mask which would result in lower tidal volumes and reduced gastric inflation.
Usually, one hand is needed to tighten the mask to the patient's face and the other hand is used to perform ventilation. Since the participants in the present study used both hands during ventilation performance, they may have compressed the devices to a larger degree than in a real CPR situation. Since LOSP was represented by a water seal, there was no stomach compliance. This setup may have favoured or reduced gastric inflation or tidal volumes. The bubbling of the water might have also influenced the ventilation performance.
Conclusion
Sufficient tidal volumes can be obtained by use of all the three test devices. Compared to SMART BAG® and the reservoir-extended system, use of EG will result in larger tidal volumes. The first hypothesis that no differences in tidal volumes will result using all the three devices was therefore rejected. Focussing on the parameter of sufficient tidal volume, all systems can be used in resuscitation situations in the dental practice.
EG/R and SB are safer compared to EG, since stomach inflation has been shown to be significantly smaller in these two devices (apart from the worst case scenario, where the SMART BAG® showed comparable stomach inflation). The second hypothesis that ventilation performance by use of a reservoir-extended bag would be equal to SB could be accepted. Both devices may therefore be preferred over a standard bag without extension. Combination of standard bag-valve devices with a reservoir bag connected to the patient mask may provide similar protection from gastric inflation as the SMART BAG®.
